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AN ESTIMATE OF BENTHIC
MACROFAUNAL PRODUCTION IN THE OFFSHORE
MUD OF THE NORTHUMBERLAND COAST
By J. B. BUCHANAN AND R. M. WARWICK*
Dove Marine Laboratory, Cullercoats, Northumberland
(Text-figs. 1-11)
The macrofauna population of a silty-bottom station at a depth of 80 m off the coast
of Northumberland has been studied over the period January 1971 to January 1972.
Species were counted, divided into year groups and the biomass of each year group
estimated as ash-free dry weight. Estimates of species productivity were made by
computing mortality and biomass.
Eighteen species account for 90 % of all animals, 12 being polychaetes. Although Calo-
caris macandreae is the single biomass dominant, polychaetes are responsible for the bulk
of the biomass. In biomass ranking, the first three species were stable. Changes in the
lower ranks were caused by declining numbers of Ammotrypane aulogaster and Abra nitida.
A slight increase in diversity throughout the year was detected, with a general increase
in equitability and decrease in dominance. The rarefaction curve is compared with others
from North Sea stations and from the Puget Sound area.
The biomass averaged 3-98 g/m2, and was slightly lower in winter (3-4-38 g) than
summer (4-2-4-5 g). Nine large species with individual weights over too mg occurred only
sporadically in small numbers, and accounted for 22 % of the total biomass. Of the
remaining 52 smaller species, 10 occur in sufficiently high numbers for their production
to be estimated. These 10 account for 86-2 % of the biomass of the < 100 mg category.
In order of production they are: Ammotrypane aulogaster, Heteromastus filiformis, Spio-
phanes kroyeri, Glycera rouxi, Calocaris macandreae, Abra nitida, Lumbrineris fragilis and
Chaetozone setosa. The population dynamics of each is discussed, and their total produc-
tion estimated at 1432 mg/m2/yr. The residual 13-8 % by weight of smaller individuals
is estimated to produce 198 mg/m2/yr. The only large species considered to be a signifi-
cant producer is Brissopsis lyrifera (108 mg/m2/yr). The estimated total production for
all species is 1738 mg/m2/yr.
I N T R O D U C T I O N
This paper reports the first phase of an extended exercise in benthic ecology, involving
both long- and short-term aims. The short-term aim is to examine the benthic fauna of
representative substrate types for a period of a year and to compute the net secondary
production of the infaunal macrofauna in terms of ash-free dry weight per square metre
per annum. The intention is to identify from among the bulk of species those animals
which have the highest productive capacity, to rank these in order of productive import-
ance, and finally to give our best estimate of the production of the animal assemblage
as a whole.
The long-term aim is a study of the fluctuations and stability of the population densi-
ties of the component species over a period of not less than 6 years. Although there has
been extensive benthic survey work since the pioneer investigations of Petersen in the
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early part of the century, few of these surveys have been repeated over a period of con-
secutive years. Exceptions are the investigation offish-food variation in Limfjord from
1909 to 1917 by Boysen Jensen (1919), the study of animal fluctuations in the Baltic
(Segerstrale, i960) and, more recently, the 3-year survey by Muus (1966) in Oresund.
All of these show a considerable degree of fluctuation in population densities from year
to year. In the area presently under study, similar fluctuations have been observed in the
echinoderm fauna (Buchanan, 1967). The area may soon be used for the disposal of
sewage sludge and it is hoped that the present study may provide a background know-
ledge of the ecology of the area against which the effects of future usage may be compared.
AREA OF INVESTIGATION AND METHODS
In previous surveys of the meiofauna of the area (Warwick & Buchanan, 1970, 1971) the
technique of repeated sampling at standard stations was adopted. These stations were chosen
from experience gained from more general surveys and were regarded as being typical of the
various substrate types and animal assemblages present in the area. A similar approach has been
adopted for the present study and this first report concerns the equivalent of Station C as described
by Warwick & Buchanan (1970). The sediment is a fine sandy silt at a depth of 80 m and the station
is situated in the middle of the important local fishery for Nephrops norvegicus (L.).
Samples were taken at 2-monthly intervals, so that six sets of samples were processed between
January 1971 and January 1972. Each set consisted of thirty 01 m2 Van Veen grab samples taken
with the ship at anchor on the station which had been located by means of 'Decca' navigator.
No attempt was made to extract the animals on board ship. Instead, the grab samples were
emptied into a series of large plastic boxes and transported to the laboratory for processing. The
tenacious nature of the mud on the one hand and the presence of a large proportion of small
delicate animal forms on the other, created a problem in extraction. After testing various methods,
it was found that, for this type of sediment, the best method was to introduce a large volume of
sea water into the plastic containers of mud and to gently agitate manually until a homogeneous
liquid slurry was obtained. In this condition a sample could be passed rapidly through the 0-5 mm
sieves. By this method it was found that the least damage was done to delicate forms and that
hosing and spraying could be dispensed with completely. The final washing was achieved by
' puddling' the sieve and its contents in tanks of clear running sea water. At this stage no attempt
was made to remove animals from the sieve surface; but rather the entire contents were back-
washed into glass jars for preservation with formalin. Finally, each sample was bulk stained with
aqueous Rose Bengale to assist in later sorting and enumeration which was carried out in large
white enamel trays.
The animal species were separated, identified and divided into year classes using either measure-
ments of weight or a linear dimension as seemed appropriate to the particular species. The exact
details of the ageing techniques are given in the appropriate later section. The biomass of each
animal species and age group was estimated as ash-free dry weight. Specimens were washed free
of formalin, oven dried to constant weight at 90 °C, weighed and then ashed in a muffle furnace
at 550 °C before reweighing. Molluscs, echinoderms and crustaceans were decalcified before
drying. For estimates of species production, the method of computation using mortality plus
residual biomass was employed as recommended by Crisp (1971) for stocks with recruitment and
age classes separable.
Species diversity and equitability were calculated for each set of 30 samples throughout the
year. The methods employed were chosen largely with a view to comparison with other areas and
in this respect the Shannon-Wiener function of information theory appears to be useful:
s
H(S) - - 2 P( logs P, (Shannon & Weaver, 1963).
The equitability component was calculated using the measure e where the number of species in-
volved in each calculated information function is compared with the number of species which would
be required to produce such a function if the species had been quantitatively distributed in
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accordance with the MacArthur 'broken-stick model', which is regarded for this purpose as a
'yardstick' of the maximum equitability attainable (Lloyd & Ghelardi, 1964). At the same time
the relative diversity (Hr) was calculated (Pielou, 1966). This involves the more pragmatic
approach of comparing the calculated values of the information function, that is the observed
diversity, with the maximum possible diversity if all of the species were equally abundant:
Hr = ^ (Hmax = log2 S).
-"max
As a measure of the level of species dominance, the redundancy R was calculated in per cent:
R = 100 (l-Hr) (Lie, 1969).
The rarefaction method of Sanders (1968) is gradually building up a budget of comparable data
related to benthic faunas in various zoogeographical regions. Curves were prepared for the
'polychaete-bivalve fraction' by applying the method to the June samples of the present series.
RESULTS
THE BOTTOM COMMUNITY AND BIOMASS
The species abundance ranking averaged for the six bimonthly samples is given in
Table 1. It will be seen that 18 species, 12 being polychaetes, account for 90% of all
individuals. The generally dominant position of polychaetes in the community is further
demonstrated in Table 2 where it can be seen that they are of first importance not only
in terms of individuals but also in species and biomass. A full taxonomic treatment of a
single sample is given for the month of June in Table 3.
The biomass ranking for all six samples is shown in Table 4. The first three ranked
species, which account for over 50 % of the biomass, remained stable throughout the
year. Although polychaetes as a group are responsible for most of the biomass, the overall
biomass dominant species is the fossorial crustacean Calocaris macandreae which com-
prises more than 30% of the total biomass. The main changes in the biomass ranking
throughout the year are almost entirely due to a fall in numbers in two species, Ammo-
trypane aulogaster and Abra nitida, both of which had comparatively unsuccessful settle-
ments in the annual breeding coupled with high mortality of the older individuals. This
aspect of the fluctuations in numbers of individual species will be considered in more
detail in the section dealing with annual production.
The biomass, averaged for the six 2-monthly samples throughout the year, amounted
to 3-98 g/m2 as ash-free dry weight. A rather modest annual fluctuation in biomass was
evident, with the January-April figure in the range 3-4-3-8 g and the June-November
range 4-2-4-5 g (Table 5). When considering the biomass in more detail, it is convenient
to regard the animals in two different categories. The first comprises those animals whose
individual weights are less than 100 mg measured as ash-free dry organic matter. In this
category there are 52 species and an average total of 939 individuals/m2 with a biomass of
3-11 g representing 78% of the total biomass. From among the 52 species, there are
10 species which occur in sufficiently high numbers to allow treatment of population
dynamics and production estimates. These 10 species account for 86-2% of the biomass
of the whole category (< 100 mg) leaving 42 species which occur only in small numbers
and represent 13-8% of the biomass (Table 6). The second category comprises those
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animals with an individual weight greater than 100 mg. Nine species occur in this
category, and together average only 1-7 individuals/m2. Their average annual biomass
is 0-87 g/m2, that is, 22% of the total (Table 7). In general these large individuals are
sampled sporadically and even with the two commonest species, Cerianthus lloydi and
Virgularia mirabilis, only seven individuals of each were taken in the entire annual
collection of 180 grab samples. Clearly, species occurring in such small numbers do not
lend themselves to growth and mortality measurements and this category as a whole,
together with the more sparsely occurring members of the previous category, present a
rather serious problem when attempts are made to estimate the production of the entire
community.
DIVERSITY
The diversity figures for each monthly sample are given in Table 8 where it can be
seen that there was some slight increase in the diversity figure (H(S)) throughout the
year. This was coupled with a more clear trend in the equitability measurements where
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Fig. l. Rarefaction curve for polychaete-bivalve fraction compared with those of other North Sea
stations and with Friday Harbor stations. Northumberland 30 m and 50 m curves are based on
unpublished data.
there was a progressive increase throughout the year, a trend which was associated with
a general reduction in dominance as evidenced by the redundancy measurements. This
situation appears to have been due largely to the general and progressive fall in numbers
throughout the year of a comparatively few dominant species, namely, Ammotrypane
aulogaster and Abra nitida, which experienced a comparative breeding failure, and the
small crustacean Harpinia antennaria whose breeding cycle led to a reduction in numbers
in the later part of the year.
The rarefaction curves for the polychaete-bivalve fraction for four North Sea stations
are given in Fig. 1. These are somewhat lower than the boreal maritime curves from the
Friday Harbor area which are included for comparison (Sanders, 1969). The informa-
tion function, H(S), is however entirely comparable to the Puget Sound stations (Lie,
1968).
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PRODUCTION ESTIMATES
The number of species which can be fully treated by the present technique is dictated
largely by the presence of a sufficiently high population density to allow the identification
of year groups and the computation of growth and mortality. For this reason, production
estimates have been directed initially to 10 species listed in Table 6. The majority of the
species in this list not only occur in sufficiently large numbers but they also represent the
bulk of the standing crop.
Species less than 100 mg individual weight
Ammotrypane aulogaster
When sampling was started in January 1971, this species was present at a density of
164/m2. Histograms of individual blotted wet weights were used to distinguish year
groups. The bulk of the population appeared to be concentrated in a discrete group in
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Fig. 2. Ammotrypane aulogaster: size/frequency histogram for January 1971
(10-grab subsample).
which the individual dry weight of the average specimen was 0-87 mg. In addition, there
were small numbers of much larger specimens (Fig. 2). The large group of small indivi-
duals were regarded as a single year group and all of these, together with larger indivi-
duals, had free coelomic gametes present in the January samples. The coelomic spaces of
all the females were filled with ova of approximately 100 fiva. diameter. In the April
samples the population density was the same as before but no coelomic gametes were
present and it was clear from the rather flaccid appearance of the individuals that spawn-
ing had taken place fairly recently. From April onwards throughout the year, the popula-
tion suffered a steady and severe mortality until in the following January the group had
been reduced to a population density of 14/m2 (Fig. 3). The group had however grown
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rapidly in weight throughout the year, and back extrapolation of the growth curve
seemed to suggest that the January 1971 sample contained mainly an ' O ' group which
spawned in April at the end of its first year. In June, small numbers of what were
regarded as the new ' O' group made their appearance and continued to recruit into the
samples taken in September and November. By January 1972, however, it was clear that
this new year group was relatively poor and only 28/m2 were present in this month. At
the same time, it was clear that this new settlement examined in January 1972 was not
the equivalent of the large year group which had been present in January 1971. The
average weight of the individuals of the new settlement was only 0-24 mg compared with
the 0-87 mg of the 1971 group and in January 1972 none of the animals had coelomic
gametes, either in the new settlement or in the survivors of the 1971 large year group.
It therefore seems unlikely that any reproduction took place in the population in 1972.
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Fig. 3. Ammotrypane aulogaster: weight increment and survivorship of the 1970 recruitment.
Only further study of the population will resolve the question of age, and with the
present data it is not possible to give a clear indication of the age of the large 1971 year
group. This, however, does not in any way prevent an estimate of the species production
for that year and this is given in Table 9. The total annual production for the year was
359-0 mg/m2, placing this species as the top secondary producer of the community.
Heteromastus filiformis
This small capitellid polychaete proved to be the dominant species in terms cf
numbers of individuals throughout the year. The January 1971 samples appeared to
show two groups which were provisionally regarded as the ' 0 ' and ' 1' year groups and
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this grouping was subsequently confirmed by the further samples throughout the year.
The small size and delicacy of the species made it difficult to obtain intact specimens in
large numbers. The measurement employed for classifying the year groups was the width
of the first anterior chaetigerous segment, just behind the head. The proportions of the
various year groups present were derived from compound probability paper analysis
(Harding, 1949) and are represented graphically in Fig. 4. The relationship between the
width of the anterior segment and the ash-free dry weight of an individual is given in
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Fig. 4. Heteromastus filiformis: size/frequency histograms.
Fig. 5. Heteromastus filiformis: relationship between ash-free dry weight and width of anterior
segment in undamaged specimens.
Fig. 5. In order to derive this relationship, several small bottom samples were taken and
treated with particular care to extract intact specimens. These were measured and
individually weighed. The annual production is computed in Table 10, giving a total
production of 297 mg/m2.
From observations on the presence or absence of coelomic gametes, it appears that the
species sheds its ova at some point between January and April at the end of its second
year and that after breeding there is a rapid post-breeding mortality with few 2-year-old
individuals surviving until the following September. The ' 0 ' group individuals first
observed in January 1971 became the ' 1' group in April and continue to recruit into the
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0-5 mm sieve samples throughout most of the year, eventually reaching peak numbers in
September when the new ' 0' group also starts to make its appearance.
The long period of recruitment of the ' o ' group and ' 1' group into the sieve samples
highlights an obvious weakness in the technique when dealing with small benthic animals.
The rates of recruitment of the various year groups are shown graphically in Fig. 6. It
would appear that the production computation in these circumstances must be regarded
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Fig. 6. Heteromastus filiformis: recruitment and survivorship of the three year groups, with annual
change in total biomass and numbers. N03 N, and N2 refer to the numbers in the ' o ' , ' 1' and ' 2 '
groups respectively.
as a minimum estimate since there is no means of assessing mortality in the younger
stages while recruitment to peak numbers is taking place; which in the present case
amounts to a period of about 14 months. A further consequence of this problem is that
the apparent stability in total numbers throughout the year and the changes in total
biomass are to a large extent spurious and dependent on the balance between recruitment
of the younger stages against mortality in the older. Using a smaller sieve size proved to
be impractical as a standard method, because it was enormously more time-consuming
and resulted in much greater damage and fragmentation of the delicate small species.
Spiophanes kroyeri
This species of spionid appears to have a rather prolonged breeding season in winter
months from November to February. The planktonic larvae are to be found over an
equally long period (Hannerz, 1956), resulting in a series of small settlements over a
period of months. This in turn produces a broad size spectrum in any particular group.
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The interpretation of the size frequency histograms for 1971-2 is given in Fig. 9 A. It
will be seen that once again the early ' 0 ' stages are missing from the samples until
September, some 7-8 months after settlement. The population breeds at the end of the
second year, followed by a massive post-breeding mortality of the year group. The
production computation is given in Table 11 as 196 mg/m2.
Glycera rouxi
Although this species figured importantly in the biomass, the number of individuals
per square metre was never large. The size-frequency histogram for the January sample
suggested four discrete year groups (Fig. 7) and these remained identifiable throughout
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Fig. 7. Glycera rouxi: size/frequency histogram for the January 1971 sample.
the year. In the September and November samples, however, an ' O ' group appeared in
the sieved samples, suggesting a five year longevity for the species in this habitat. The
numbers in each individual year group were small and somewhat variable from month-
to-month and did not lend themselves to the standard productivity computation tech-
nique. For this species, we have derived a minimum production estimate from the
increase in biomass of all of the year groups for the one year period. This rose from a
figure of 396 mg in January to 588 mg in November - a total increment of 192 mg/m2
which has been taken as a reasonable estimate of the production. The principal deficiency
of this method of computing production is its disregard of mortality in the year groups
throughout the period of estimation. In this species, however, the rate of mortality does
not appear to be high. The numbers taken in the various samples is given in Table 12.
Although there is considerable variation from month to month, it seems likely that this
is sampling error.
The samples were inadequate to determine the exact timing and age of breeding,
although the few ripening specimens found suggested that eggs were shed between
November and January. In Norway and Sweden, Step-Bowitz (1941) found the pre-
epitoke stages in September and thought that spawning might occur in October. Klawe
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& Dickie (1957), working with G. dibranchiata, showed that spawning could occur in the
third, fourth or fifth year, the animals dying after spawning.
There has been some considerable controversy as to the food of Glycera species.
Sanders et al. (1962), for instance, consider that G. dibranchiata is an omnivore which
may swallow considerable quantities of sediment. Ockelmann & Vahl (1970) are, however,
in no doubt that G. alba is a broad spectrum carnivore. The guts of G. rouxi examined
in the present study were invariably empty and gave no clue to the nature of the food.
It is possible that the formalin preservation of the sieved samples resulted in regurgita-
tion of the gut contents. Sanders et al. consider that since the errant polychaetes Nephtys,
Glycera and Lumbrineris often comprise a very significant proportion of the biomass in
a number of benthic studies, these genera cannot be exclusively carnivores. Certainly,
in the present study, Glycera comprises not only a high proportion of the biomass, but
also of the production.
Calocaris macandreae
The burrowing crustacean Calocaris is the biomass dominant throughout the year.
This species was the subject of an investigation by Buchanan (1963) in which the general
biology, growth rate and population structure were established. The most important
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Fig. 8. Calocaris macandreae: survivorship per 1000 of a year group.
aspect from the point of view of production estimates was the construction of a survivor-
ship curve (Fig. 8). Calocaris is peculiar in that save for an immediate post-larval
mortality, the rate of mortality in a given year group remains at a very low level until
the seventh year. Individuals live on average for 8-5 years and, since in this case it is
possible to ignore mortality, a reasonably accurate estimate of production can be arrived
at by regarding the biomass of any sample of Calocaris as being the result of 8-5 years of
production. In this case, the average annual biomass of 1204 mg/m2 was divided by
8-5 to give a production estimate of 142 mg/m2/annum.
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Abra nitida
In the January 1971 samples most of the individuals could be assigned to the' 1' group
with a rather small number in the ' 0 ' (Fig. 9B). After breeding the large group suffered
high mortality and had disappeared from the samples by the following January. The
new ' o ' group appeared in the sieved samples in September and by January 1972 it was
clear that the year class was poorly represented and that the population as a whole had
declined both in numbers and biomass. The production estimate (Table 13) gave a weight
of 118 mg/m2 for the year.
Lumbrineris fragilis
The January 1971 samples showed a ' 1' group and ' 2 ' group in almost equal numbers
(Fig. 9c). Breeding took place at some time between September and November at the
age of 3 and the year group suffered complete post-breeding mortality, being absent from
the November samples. The new ' 0 ' group had clearly required almost a year of growth
before appearing in the sieved samples in September, so that the production estimates
(Table 14) do not take into account ' 0 ' group mortality. Production was estimated at
78 mg/m2.
Chaetozone setosa
The interpretation of the size-frequency histograms is shown in Fig. 9D. The species
breeds between November and January. The new ' o ' group first appears in the samples
in September and continues to recruit into the samples until the following January.
The production was estimated at 50 mg/m2 (Table 15).
Praxillella affinis
The first samples of this maldanid polychaete, taken in January 1971, appeared to
show two distinct and consecutive year groups. Subsequent sampling, however, proved
that this was not the case and that although two groups were identifiable throughout the
year, the growth was not sufficient to support the original interpretation (Fig. 10). The
average individual weight of the specimens in the younger group showed no effective
growth in the course of the year (Table 16). The older group were more variable in both
numbers and size from month to month, but again no obvious evidence of growth and
production was discernible. It is not at all clear as to whether the two groups represent
non-consecutive year groups or whether, in fact, several year groups are involved. What
seems reasonably sure is that this species is slow growing and a poor producer. No
production estimate has been made for this species and it has been regarded as a non-
producer in the final summation of production increments.
Amphiura chiajei
This population has been subjected to annual monitoring since 1958 (Buchanan, 1964,
1967). The present small population of large individuals represents the remnants of the
original larger population which was present at the beginning of the monitoring period.
Between 1961 and 1963 the population density was 12-15/m2. In 1971 this population
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Fig. 9. Size/frequency histograms. A, Spiophanes kroyeri; B, Abra nitida; c, Lumbrineris fragilis;
D, Chaetozone setosa.
had become reduced to 2/m3, and no new recruitement has taken place. (The new
recruitment reported in 1965 proved to be Amphiura filiformis which did not survive
in this silty habitat.) In the light of the evidence of small numbers and slow growth
rate, the contribution of this species to the general production must be trivial and it
has been discounted in the estimates.
Residue of species less than 100 mg individual weight
The 10 species which have already been treated account for 86-2% of the biomass in
this class, but leave a residue of 42 species and 13-8% of the biomass (Table 6). A few
of the species occur in sufficient numbers to allow valid observations of year groups.
Prionospio malmgreni, P. cirrifera and Paraonis gracilis all have 2-year groups present
throughout the year and probably breed at the end of the second year. All three, however,
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are small species and the combined average annual biomass amounts to no more than
52 mg/m2. Some information can be deduced from size-frequency histograms of a few
of the less common species, but space does not permit full treatment of this data. Suffice
it to say that Terebellides stroemi appears to have 2-year groups, breeding at the end of its
second year, whilst Ampharete acutifrons has 3-year groups and breeds at the end of its
third year. Thyasira flexuosa was similar to Praxillella affinis in that two distinct groups
were present in January 1971. The large group of small specimens possibly represented
a single-year class, but showed hardly any growth throughout the year. The small group
of larger shells clearly did not form a single-year class and no growth could be discerned.
In Loch Etive, West Scotland, this species has a life span of 8-9 years (W. Blacknell,
unpublished work quoted in the Report of the Scottish Marine Biological Association,
1972).
Samples of the cumacean Eudorella emarginata always contain 2-year groups
14-2
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(Table 17). Post-larvae are liberated from the marsupium of the female in January. By
the following January the males have developed two pairs of pleopod buds and by June
both sexes are mature. After this the males die out, and none are present by September.
Eggs are present in the marsupium of the female from September onwards, and after
liberation of the post-larvae in January the marsupium fills with silt and the female dies.
This 2-year life cycle is in contradistinction to Diastylis rathkei (Kroyer), which in the
Skaggerak is an annual (Forsman, 1938).
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Fig. 10. Praxillella affinis: size/frequency histograms.
None of the other species were found to occur in sufficient numbers to assess their
longevity or mortality. It was felt, nevertheless, that some corrective production estimate
should be made to account for this portion of the biomass. To do this we have assumed
that the production: biomass ratio in this broad range of residual species is similar to the
more common species. The total production of these latter species amounted to
1432 mg/m2 (Table 18) and this figure has been increased by 13-8% to give an estimate
of 198 mg for the residue.
Species greater than 100 mg individual weight
The nine species in this category contribute 22% of the total biomass. Of this, almost
80 % is contributed by two species, Brissopsis lyrifera and Cerianthus lloydi. The other
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species are all represented by a few large individuals for which there is no growth data
either from this present exercise or in previous literature. Most of these species would
appear to be slow growing low producers and no attempt has been made to give an
estimate of their production.
Cerianthus lloydi
Seven individuals were encountered throughout the sampling programme. All were
large with individual dry weights of 700-800 mg, which was sufficient, in spite of the
small numbers, to raise this species to the fourth in overall biomass ranking. Although
this sparse population does not lend itself to growth measurement, there is some evidence
that the species is long-lived. Several specimens have been held in aquarium conditions
for periods in excess of 15 years. This view is supported by the outstanding preponder-
ance of large individuals in the natural population. Small juvenile specimens are extremely
rare, suggesting a slow rate of replacement although the generally sparse population
density remains unchanged over a long period of years. None of this evidence provides
any basis for a valid production estimate and the species has been considered for present
purposes as a non-producer.
Brissopsis lyrifera
Five individuals of this spatangoid were encountered, sufficient to raise the species to
third in overall biomass ranking. The species has been monitored since 1961. The growth
data and interpretation of the populations present in 1961-3 are presented in Fig. 11.
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Fig. 11. Brissopsis lyrifera: growth in test length of five consecutive settlements
measured in 1961-3.
The population during this period was approximately twice the size of that in 1971-2.
The evidence suggests a life-span of 4 years. The 4-year-old individuals breed in
November-December and do not survive to breed a second time. The average annual
individual increments of dry weight for each year group have been tabulated by Buchanan
(1967). Of the five individuals taken in 1971-2, three were in their fourth year and two in
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their third year. Assuming that all of those individuals would have survived the period
of the survey, their estimated production would have given 108 mg/m2.
This figure has been added to the previous total to give a figure for total annual
production of 174 g/m2 (Table 18).
DISCUSSION
The survey had three main aims. First, to obtain a reasonably accurate estimate of
biomass and numbers which would serve as a basis for a continuing monitoring pro-
gramme. Secondly, to identify those species which were important from the point of
view of production and to rank them in order, and finally, to attempt an estimate of total
macrofaunal production.
Of these, the last has been the least satisfactory. Although the ranking of the species
in order of production importance is, we feel sure, an accurate representation of this
particular animal community at the time of observation, the overall production estimate
has several shortcomings which are for the most part inherent in the methods we have
used. The first obvious weakness concerns the comparatively long period before some
of the smaller common polychaetes reach a size large enough to be held by the 0-5 mm
sieve. Most of the commoner polychaetes come into this category and it was clear that
many of them had completed a full year of growth before being retained in the sieve. In
this situation, it seems that considerable underestimation of production could arise from
the inability to assess first-year mortality. It is of interest that when the species have
fully recruited into the sieve there is very little evidence of severe predation or other forms
of mortality until the time of breeding when post-breeding mortality is usually severe.
This is the case with Heteromastus, Spiophanes, Glycera, Lumbrineris and Chaetozone
where the numbers remain remarkably constant from month to month throughout the year
until the post-breeding period. It is probable that a temporary high rate of mortality very
soon after settlement would not introduce a serious error in the production estimates.
A second weakness involves those species which, although individually represented by
small numbers, together make up a not inconsiderable proportion of the biomass. The
estimate of their production has been quite arbitrary and based on the assumption that
the same proportions of short- and long-lived species are to be found in this fraction as
in the more common species.
Comparisons with similar animal assemblages in other areas are at present not possible.
The few attempts which have been made to assess total bottom production have for the
most part been carried out in areas of greatly higher biomass and clearly higher production.
Sanders (1956) attempted to calculate the production in Long Island Sound and was
able to give a full computation for only five species. Again, the bulk of the more sparsely
represented species was estimated on the basis of an assumed similarity to the more
common. The estimates of Arntz (1971) from Kiel Bay are also derived from an area of
enormously higher biomass and production. The production estimates, although high,
must here be regarded as minimum, since the technique involved the simple calculation
of the difference between the highest and lowest biomass for the year for each species.
This is essentially the technique employed in the present paper for Glycera and is valid
only when mortality is negligible.
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For the most part, the various weaknesses in the production estimates would lead to
an underestimate of total production, but even if this were in the region of a 25 % error,
the production would not exceed 2-2 g of which approximately 70% is contributed by
small polychaetes which also dominate the fauna in terms of numbers of individuals and
biomass.
TABLE 1. THE AVERAGE ANNUAL SPECIES ABUNDANCE RANKING
Species
Heteromastus filiformis
Paraonis gradlis
Ammotrypane aulogaster
Chaetozone setosa
Prionospio cirrifera
P. malmgreni
Harpinia antennaria
Spiophanes kroyeri
Lumbrineris fragilis
Glycera rouxi
Praxillella affinis
Abra nitida
Goniada metadata
' Nemertines'
Eudorella emarginata
Thyasira flexuosa
Calocaris macandreae
Nephtys hombergi
Mean rank
1
2
3
4
5
6
7
8
9
1 0
11
1 2
13
14
15
16
17
18
O//O
23-8
10-3
10-1
9 0
5-3
5-0
4-4
4 1
3 2
2 9
2 6
1 8
1-7
1-7
1-6
i -3
1 1
l - i
Cumulative
0/
/O
23-8
34-1
44-2
53-2
58-5
63-5
67-9
72-0
75-2
78-1
79-7
81-5
83-2
84-9
86-5
87-8
88-9
90-0
Average
no/m2
225
113
94
84
51
47
42
39
30
27
26
16
16
16
15
1 2
1 0
1 0
TABLE 2. REPRESENTATION OF THE VARIOUS PHYLA IN TERMS OF
NUMBERS, SPECIES AND BIOMASS
donth
Jan.
Apr.
June
Sept.
Nov.
Jan.
Jan.
Apr.
June
Sept.
Nov.
Jan.
Jan.
Apr.
June
Sept.
Nov.
Jan.
i Polychaeta
Individuals per m2
86-4 (717)
865 (769)
85-4(910)
84-2 (861)
86-7 (737)
86-3 (862)
60-6 (40)
65-6 (40)
63-6 (42)
627 (37)
646 (42)
7°'O (35)
4 1 0
348
395
4 9 3
390
4 4 1
Crustacea Mollusca
Echino-
dermata Coelenterata
as % of total (figures in parentheses represent
6-7 (56)
6-3 (56)
9-3 (98)
9-5 (97)
6-6 (56)
7-9 (79)
Species
16-7(11)
13-1 (8)
15-2 (10)
169 (10)
13-8 (9)
12-0 (6)
Biomass
23-7
19-0
29-0
31-3
336
49-1
5-1 (42)
5-3 (47)
3-8 (40)
3-5 (36)
3-1 (26)
2-1 (20)
per m2 as %
12-1 (8)
13-1 (8)
12-1 (8)
8-5 (5)
7-7 (5)
io-o (5)
per m2 as %
4 9
4'3
4'7
3 i
2-1
3 1
o-4 (3)
o-3 (3)
o-i (1-4)
0-3(1)
O-2 (2)
0-2 (2)
of total
3-0 (2)
3-3 (2)
3-0 (2)
1-7(1)
1-5(1)
2-0 (l)
of total
2-4
31-7
23-8
2-7
1 3
2-5
Others
actual numbers)
0-2 (2)
0-1 (1)
— (3)
0-1 (2)
0-2 (1)
0 (0)
3-0 (2)
1-6(1)
2-0 (1)
3-4 (2)
3-1 (2)
0 (0)
25-2
8-4
0 9
8-3
13-1
0
1-2 (1O)
1-5(13)
1-4(15)
2-5 (26)
3-2 (29)
3-5 (36)
4-5 (3)
3-3 (2)
4-0 (3)
6-8 (4)
9-2 (6)
6-0 (3)
2-8
1-8
2 - 1
5-3
10-9
l - i
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TABLE 3. SPECIES COUNTS AND BIOMASS FIGURES FOR THE JUNE 1971
SAMPLES (n/w = not weighed)
Rank Species
1 Heteromastus filiformis (Claparede)
2 Paraonis gracilis (Tauber)
3 Ammotrypane aulogaster Rathke
4 Chaetozone setosa Malmgren
5 Prionospio malmgreni Claparede
6 Harpinia antennaria Meinert
7 Prionospio cirrifera Wiren
8 Spiophanes kroyeri Grube
9 Lumbrineris fragilis (O. F. Muller)
10 Glycera rouxi Audouin & Milne-Edwards
11 Eudorella emarginata (Kroyer)
12 Praxillella affinis (Sars)
13 Abra nitida (O. F. Muller)
14 Nephtys hombergi Savigny
15 Goniada maculata Oersted
16 Terebellides stroemi Sars
17 Nemertines
18 Thyasira flexuosa (Montagu)
19 Calocaris macandreae Bell
20 Tharyx multibranchiis (Grube)
21 Ampharete acutifrons (Grube)
22 Synelmis klatti (Friedrich)
23 Laonice cirrata (M. Sars)
24 Magelona sp.
25 Cylichna cylindracea (Pennant)
26 Pholoe minuta Fabricius
27 Lumbrineris latreilli Audouin & Milne-
Edwards
28 Scoloplos armiger (O. F. Muller)
29 Nucula tennis (Montagu)
30 Trichobranchus glacialis Malmgren
31 Turritella communis Risso
32 Diplocirrus glaucus Haase
33 Leucon nasica (Kroyer)
34 Polynoidae
35 Leptognathia longiremis (Lilljeborg)
36 Photis longicaudata (Bate & Westwood)
37 Caulleriella caputesocis (St Joseph)
38 Ophiodromus flexuosus (Delle Chiaje)
39 Gattyana sp.
40 Glossobalanus marginatus Meek
41 Polyclads
42 Nephtys caeca (Fabricius)
43 Amphiura chiajei Forbes
44 Nereis longissima Johnston
45 Brissopsis lyrifera (Forbes)
46 Spiochaetopterus typicus Sars
47 Thracia convexa (W. Wood)
48 Driloneris filum (Claparede)
49 Scalibregma inflatum Rathke
50 Diastylis lucifera (Kreyer)
51 Nereidae
52 Maldane sarsi Malmgren
53 Poecilochaetus serpens Allen
54 Montacuta ferruginosa (Montagu)
55 Polycirrus sp.
56 Chaetopterus varieopedatus (Renier)
Total
no.
744
362
303
266
231
173
147
126
1 0 1
71
72
65
59
59
46
45
39
37
33
2 1
18
18
17
11
8
1 0
1 0
8
6
7
7
5
7
5
5
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
1
1
1
1
1
1
No./m2
248 ±58
121 + 22
101 ±19
89 ±15
77 + 17
57 ±14
49 ±14
42 ±8
34 + 7
24±5
24±5
22 + 3
20 ±5
19
15±3
15±5
13
12±3
11±2
7
6
6
6
4
3
3
3
3
2
2
2
2
2
2
2
1
1
1
1
1
1
1
0-7
0-7
0-7
0-7
0-7
0-7
0-7
0-7
0-3
0 3
0-3
°-3
0-3
0 3
% o f
total
23-3
11-4
9 5
8-4
7-2
5-4
4-6
3 9
3-2
2 3
2 3
2-1
1-9
1-8
1-4
1-4
1-2
i - i
1-0
0-7
o-6
o-6
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
Cumula-
tive %
2 3 3
34-7
44-2
52-6
59-8
65-2
698
73-7
769
79-2
81-5
836
85-5
87-3
88-7
90-1
91-3
9 2 4
934
94-1
94-7
9 5 3
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
Biomass
(mg/m2)
421-9
20-6
2568
42-7
22-3
9-7
449
158-3
74-7
497-1
13-7
77-i
169-1
5-0
8 9
14-4
2 6 6
9 0
1284-2
3 9
2 3 9
n/w
6-8
1-5
4-0
1-5
1 4 4
1 9
7-0
13-3
1 6 0
0 9
2 0
2 3
n/w
n/w
n/w
2-3
3-1
3 0 9
3 9 2
5-4
333
1 0 8
10452
9 3
7-8
1-2
3-7
n/w
n/w
3-8
n/w
1-3
1-6
28-3
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Rank
57
58
59
60
61
62
63
64
65
66
TABLE 3 (com.)
Total
no.
1
1
1
1
1
1
1
1
1
1
No./m2
0-3
0-3
0-3
0-3
0-3
0 3
0-3
0-3
0-3
0-3
% o f
total
—
—
—
—
—
—
—
—
—
—
Cumula-
tive %
—
—
—
—
—
—
—
—
—
—
Biomass
(mg/m2)
n/w
n/w
n/w
n/w
n/w
0 - 2
38-5
n/w
n/w
o-i
Species
Pectinaria koreni Malmgren
Leptostylis sp.
Cheirocratus sp.
Eudorella truncatula (Bate)
Chaetoderma nitidulum Loven
Macrochaeta clavicornis (M. Sars)
Virgularia mirabilis O. F. Muller
Sabellides octocirrata M. Sars
Myriochele heeri Malmgren
Spiophanes bombyx (Claparede)
Total: 1065 individuals/m2 45224 mg (4-5 g)/m2
TABLE 4. BIOMASS RANKING THROUGHOUT THE YEAR 1971-2
(Animals < 100 mg individual weight)
Month
Calocaris macandreae
Glycera rouxi
Heteromastus filiformis
Ammotrypane aulogaster
Spiophanes kroyeri
Abra nitida
Praxillella affinis
Amphiura chiajei
Lumbrineris fragilis
Chaetozone setosa
Jan.
1
2
3
4
6
5
8
7
9
1 0
Apr.
1
2
3
4
6
5
7
9
8
1 0
June
1
2
3
4
6
5
7
1 0
8
g
Sept.
1
2
3
5
4
8
9
6
7
1 0
Nov.
1
2
3
5
4
9
6
8
7
1 0
Jan
1
2
3
9
4
7
8
6
5
1 0
TABLE 5. VARIATION IN TOTAL MACROFAUNAL BIOMASS,
JANUARY 1971 TO JANUARY 1972
(1) Animals less than 100 mg individual wt.
52 species and 939 individuals/m2. Average
annual biomass 311 g/m2 (78 % of total)
(2) Animals greater than 100 mg individual
wt. Nine species and 1-7 individuals/m2.
Average annual biomass 0-87 g/m2 (22 %
of total).
onth
Jan.
Apr.
June
Sept.
Nov.
Jan.
Biomass
(ash-free dry wt/m2 in g)
3 6
3 8
4-5
4-2
4 4
3'4
Average 398 g
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TABLE 6. BIOMASS AND NUMBERS OF THE TEN MOST NUMEROUS ANIMALS
LESS THAN 100 mg IN INDIVIDUAL WEIGHT
Species
Calocaris macandreae
Glycera rouxi
Heteromastus filiformis
Ammotrypane aulogaster
Spiophanes kroyeri
Abra nitida
Praxillella affinis
Amphiura chiajei
Lumbrineris fragilis
Chaetozone setosa
Average
annual
rank
l
2
3
4
5
6
7
8
9
1 0
Average
annual
biomass
(mg/m2)
1205
516
293
173
140
106
71
70
58
39
%
38-8
166
9 5
5-6
4-5
3 4
2 3
2-3
1-9
1 3
Cumula-
tive
%
388
55-4
649
70-5
75 -o
78-4
8 0 7
830
849
862
Average
annual
no./m2
1 0
27
225
94
39
16
26
2
30
84
+ Forty-two other species and 13-8 % of the biomass.
TABLE 7. BIOMASS AND NUMBERS OF ANIMALS GREATER THAN
100 mg IN INDIVIDUAL WEIGHT
Species
Brissopsis lyrifera
Cerianthus lloydi
Virgularia mirabilis
Chaetopterus variopedatus
Glossobalanus marginatus
Nephtys caeca
Sabella pavonina
' Polyclad'
Orbinia cuvieri
Average
annual
rank
1
2
3
4
5
6
7
8
9
Total
Average
annual
biomass
(mg/m2)
366
322
43
38
34
23
2 1
13
1 0
870
%
42-1
37-0
4-9
4 4
3 9
2 6
2-4
1 6
i - i
Cumulative
0//o
42-1
79-1
84-0
88-4
9 2 3
949
97-3
9 8 9
1000
Total no. of
individuals
taken in
180 x o-i m2
5
7
7
3
1
3
2
2
1
TABLE 8. VARIATION IN DIVERSITY PARAMETERS FROM
JANUARY 1971 TO JANUARY 1972
(N = individuals/3m2; 5 = number of species. For other notation see text.)
Month N S H(S) e Hr R%
Jan.
Apr.
June
Sept.
Nov.
Jan.
2492
2677
3195
3069
2522
2997
66
61
66
59
65
50
3 9
3 9
4 1
4-1
4'2
4 1
0 3 3
0-34
0 3 8
0-42
0-42
0-50
0 6 4
065
068
0 6 9
0-70
0-73
35-8
347
3 2 1
30-4
30-0
27-4
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TABLE 9. PRODUCTION INCREMENTS FOR AMMOTRYPANE AULOGASTER
FROM JANUARY 1971 TO JANUARY 1972
Sampling
month
Year
class
Large
group
No. in
year class
N (m-2)
Mean wt. per
individual
w(mg)
10-7
13-4
20-1
Wt. increment
since pre- Mean no/m2
vious sample during Ar
Aw (mg) N
2-7
67
3
1-5
Production
increment
NAw (mg)
8-i
io-o
P = 181
159
162
92
53
24
14
0-87
1-0
2-6
4-0
46
5-0
0-13
160
1-40
o-6o
0-40
160
127
72
38
19
p
20-8
203-2
ioo-8
19-8
7-6
= 352-2
o
o
o
o
8
12
14
28 0-24 6-8
P = 359-0
TABLE 10. PRODUCTION INCREMENTS FOR HETEROMASTUS FILIFORMIS
FROM JANUARY 1971 TO JANUARY 1972
Sampling
month
Jan.
Apr.
June
Sept.
Nov.
Jan.
Jan.
Apr.
June
Sept.
Nov.
Jan.
Jan.
Apr.
June
Sept.
Nov.
Jan.
Year
class
1
2
2
2
2
2
0
1
1
1
1
1
_
—
—
0
0
0
Wt. increment
No. in Mean wt. per since pre- Mean no./m2
year class individual vious sample during At
N (m~2) w (mg) Aw (mg) N
166
153
124
53
12
o
42
94
124
185
146
160
26
14
49
1-2
1-6
2-2
2-6
2-6
0-50
o-6o
0-82
0-95
o-io
1-20
0-25
0-40
0-50
040
o-6o
0-40
o-io
0-22
013
0-15
o-io
159
138
88
32
Production
increment
NAw (mg)
636
82-8
35-2
P = 181-6
68
109
154
165
153
P
6-8
24-0
20-0
24-7
15-3
= 90-8
24-5
p = 296-9
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TABLE 11. PRODUCTION INCREMENTS FOR SPIOPHANES KROYERI
FROM JANUARY 1971 TO JANUARY 1972
Wt. increment
Mean wt. per since pre- 1
individual vious sampleSampling
month
Jan.
Apr.
June
Sept.
Nov.
Jan.
Jan.
Apr.
June
Sept.
Nov.
Jan.
Year
class
t
l
l
l
l
2
—
—
0
0
1
No. in
year class
N (m-2)
28
32
38
32
26
7
—
—
1 0
1 2
31
w(mg)
2-4
2-7
3-8
6-0
5-6
6-0
Aw (mg)
i no./m2
ing At
N
30
35
35
29
16
Production
increment
NAw (mg)
9 0
38-5
77-0
—
P = 124-5
2-3 71-3
P = 195-8
TABLE 12. NUMBERS/M2 AND BIOMASS OF GLYCERA ROUXI
Year group
Sampling
month
Jan.
Apr.
June
Sept.
Nov.
Jan.
Jan.
Apr.
June
Sept.
Nov.
Jan.
Jan.
Apr.
June
Sept.
Nov.
Jan.
Month
Jan.
Apr.
June
Sept.
Nov.
TABLE 13
<
Year
:lass
l
l
2
2
2
2
0
0
1
1
1
1
—
—
— •
0
0
0
1
8
6
8
n
5
2
11
1 0
7
8
5
3
6
2
4
7
8
4
l
l
2
o-7
3
Total/m2
26±6
i9±4
21±5
27±5
21±5
. PRODUCTION INCREMENTS FOR ABRA
FROM JANUARY 1971 TO
No. in
year class
N (m-2)
18
14
13
7
3
2
7
5
6
5
5
4
—
—
—
0-7
1-0
5-0
Mean wt. pel
individual
w(mg)
7-0
6-1
11-2
12-2
12-1
13-8
1-2
1 1
1-7
2-5
3 9
7-1
—
—
—
—
—
1-2
JANUARY 1972
Wt.. increment
ui^iiiaa:
(mg/m2
396
420
497
577
588
NITIDA
since pre- Mean no.
vious sample during
Aw (mg)
—
—
5-1
1 0
0
i ' 7
—
—
o-6
o-8
1-4
3-2
—
—
—
—
—
—
N
—
16
135
10-0
5-o
2-5
—
6
5-5
5'5
5-0
4-5
—
—
—
—
—
—
/m2
At
P
P
5
)
Production
increment
NAw (mg)
—
—
68-8
10-0
0
4-2
= 83-0
—
—
3 3
4'4
7-0
144
= 29-1
—
—
—
—
—
6 0
p = 1181
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TABLE 14. PRODUCTION INCREMENTS FOR LUMBRINERIS FRAGILIS
FROM JANUARY 1971 TO JANUARY 1972
Sampling
month
Jan.
Apr.
June
Sept.
Nov.
Jan.
Jan.
Apr.
June
Sept.
Nov.
Jan.
Jan.
Apr.
June
Sept.
Nov.
Jan.
Year
class
2
2
2
2
—
—
1
1
1
1
2
2
—
—
0
1
1
Wt. increment
No. in Mean wt. per since pre- Mean no./m2
year class individual vious sample during At
N (m~2) w (mg) Aw (mg) N
15
15
18
17
o
o
9
10
16
13
19
15
5
to
23
3-2
32
34
4'5
l-o
l-o
1-2
1-8
3-0
32
o
0-2
1-1
O
0-2
06
1-2
0-2
15
16
17
Production
increment
NAw (mg)
o
18-7
P = 21-9
9
13
14
16
17
P =
0
2-6
8-4
19-2
3'4
33-6
23-0
P = 78-5
TABLE 15. PRODUCTION INCREMENTS FOR CHAETOZONE SETOSA
FROM JANUARY 1971 TO JANUARY 1972
Sampling
month
Jan.
Apr.
June
Sept.
Nov.
Jan.
Jan.
Apr.
June
Sept.
Nov.
Jan.
Year
class
l
l
l
l
l
2
No. in
year class
N (m~2)
56
76
89
72
57
28
16
21
70
Wt. increment
Mean wt. per since previous Mean no./m2 Production
individual sample Aw during At increment
w (mg) (mg) N NAw (mg)
0-35
039
0-48
o-6o
o-68
0-72
004
0-09
0-12
0-08
004
66
82
80
64
43
P
2-64
7-38
9-60
5-12
1-72
= 26-46
0-34 23-80
p = 50-26
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TABLE 16.
lonth
Jan.
Apr.
June
Sept.
Nov.
Jan.
No./m2
15
22
16
39
27
23
NUMBERS
Group '
Wt./m2
(mg)
219
249
30-7
57-3
486
368
I AND BIOMASS OF THE TWO 'YEAR
PRAXILLELLA AFFINIS
A '
Average
individual
wt. (mg)
156
1-14
1-88
1-47
i-8o
160
No./m
3
4
5
1
6
3
Group
Wt./m2
2
 (mg)
456
35-1
464
17-9
38-3
234
' B '
Average
individual
wt. (mg)
13-7
8-8
8-7
17-9
69
7-8
GROUPS'
Tr>
1 v
No./m2
18 + 5
26±8
22 + 3
4°±7
33±8
26 + 6
OF
ml
Lai
wt./m2
(mg)
67-5
6o-o
77-1
75-2
869
60-2
TABLE 17. AGE STRUCTURE OF THE EUDORELLA EMARGINATA POPULATION,
JANUARY 1971 TO JANUARY 1972
(Figures in parentheses indicate year class.)
Very small unsexable
juveniles
Young ocj with pleopod buds
22 without marsupium
Adult oJ with fully de-
veloped pleopods
22 with eggs in marsupium
22 with post-larvae in
marsupium
22 with brood pouch empty
or full of silt
Jan.
12(1)
18(1)
1(1)
7(2)
Apr.
15(0)
5(0
13(1)
11(1)
—
—
June
32(0)
25(1)
13(0
—
Sept.
18(0)
17(1)
Nov.
9(o)
—
7 ( 0
Jan.
14(0
21(1)
5d)
2(2)
TABLE 18. TOTAL PRODUCTION ESTIMATE
Production
rank
1
2
3
4
5
6
8
9
7
Species
Ammotrypane aulogaster
Heteromastus filiformis
Spiophanes kroyeri
Glycera rouxi
Calocaris macandreae
Abra nitida
Lumbrineris fragilis
Chaetozone setosa
13-8 % residual estimate
Brissopsis lyrifera
Total
Production
(mg/m2/annum)
359
297
196
192
142
118
78
50
1432
198
1630
108
1738
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